INTRODUCTION
Some types of microorganisms can cause food deterioration. The presence and growth of microorganisms in food may lead to spoilage, toxin formation, and quality deterioration of food products 1 . The consumption of spoiled food results in various illnesses and is a growing public health problem worldwide. For many years, different synthetic preservatives have been widely used as antimicrobial agents in the food industry to increase the storage and marketing shelf life of food. However, although synthetic preservatives have been proven highly effective and less expensive than natural substances, these compounds exhibit mutagenic activity against non-target organisms and cause environmental pollution 2, 3 . The growing interest in the substitution of synthetic food preservatives has fostered research on the screening of new antimicrobial preservatives from natural sources. At present, interest in the effective use of essential oils from plants in food preservation is increasing. Artemisia, the largest and most widely distributed genus of family Astraceae Compositae , comprises over volatile odor, grows on the grasslands of Mediterranean region. This herb is used in traditional Tibetan medicine to treat colds and icteric hepatitis 6 . The current study aims to determine the chemical composition of the essential oil of A. phaeolepis by gas chromatography-flame ionization detection GC-FID and gas chromatography-mass spectrometry GC-MS . This purpose was to evaluate the antimicrobial activity of the oil and its main components.
MATERIALS AND METHODS

Chemicals
Eucalyptol, camphor, terpine-4-ol, caryophyllene, germacrene D, caryophyllene oxide, streptomycin and tetracycline were purchased from Sigma-Aldrich St. Louis, MO, USA .
Plant Material
Artemisia phaeolepis A. phaeolepis plants were collected in March 2012 in Qassim, Kingdom of Saoudi Arabia. Then the botanical identification of A. phaeolepis was conducted by Professor Jamel Ghazali, botanist in the Faculty of Science at Arass, Saudi Arabia, and a voucher specimen No. 32 was deposited in our laboratory. The plants were dried under a shade at room temperature .
Isolation of the essential oil
The air-dried plant materials 1 kg of A. phaeolepis were chopped and subjected to hydrodistillation for 4 h using a Clevenger type apparatus. It is an apparatus operating at atmospheric pressure to maintain the ratio plant material/water to its initial level. During each test, the plant material and distilled water were placed in well defined proportions in a flask of one liter capacity. The whole is heated to boiling. The vapors pass through the column and out of the condenser in liquid form. At the end of the distillation two phases are observed, an aqueous phase aromatic water and an organic phase. This operation was repeated three times for each sample. The aqueous phase was extracted with dichloromethane 3 50 ml and dried with anhydrous sodium sulphate. After filtration the solvent is eliminated by pressure distillation reduced in rotary evaporator and pure oil was stored at 4 in obscurity till the beginning of analysis. The oil was solubilised in n-hexane for gas chromatography and mass spectrometry analysis.
GC-FID Analysis
An Agilent HP-6890 gas chromatograph Agilent Technologies, Palo Alto, CA, USA with an HP-5 5 phenylmethylsiloxane capillary column 30 m 0.25 mm i.d., 0.25 μm film thickness and a flame ionization detector was used for the GC-FID analysis. Helium gas at a constant flow rate of 1 ml/min was used as the carrier gas. The essential oil solution 1 μl in hexane was injected and analyzed under the following column conditions: initial column temperature of 40 for 1 min, increased to 250 at a 3 /min heating ramp rate and then maintained at 250 for 20 min.
GC-MS analysis
Quantitative and qualitative analysis of the essential oil was performed using a GC-MS 6890-5975 system Agilent Technologies, Palo Alto, CA, USA equipped with an HP-5 MS fused silica capillary column 30 m 0.25 mm i.d., 0.25 μm film thickness . For GC-MS detection, an electron ionization system with 70 eV ionization energy was used. Helium gas was used as the carrier gas at a constant flow rate of 1 ml/min. The essential oil solution 1 μl in hexane was injected and then analyzed under the following column conditions: initial column temperature at 40 for 1 min, increased to 250 at a 3 /min heating ramp rate and then maintained at 250 for 20 min. The Kovats indices were calculated for all volatile components using a homologous series of n-alkanes C 8 -C 25 on the HP-5 MS column. The major essential oil components were identified by comparing with the standards whenever possible and verified based on the Kovats indices using the Wiley V.7.0 and National Institute of Standards and Technology V.2.0 GC-MS library. The relative concentration of each compound in the essential oil was quantified based on the peak area integrated in the analysis program. The bacterial strains were grown on Mueller-Hinton broth Bio-Rad, France at 37 for 12-14 h except for Bacillus species which were incubated at 30 . Fungal strains were grown on Potato dextrose agar PDA 1.5 agar at 28 for 4 days. Inoculums were prepared from an overnight broth culture by their dilution in saline solution to approximately 10 7 colony-forming units CFU/ml for bacteria and 10 5 spores / ml for fungus.
Inhibitory effect determined by the disc diffusion
Essential Oil from Artemisia phaeolepis: Chemical Composition and Antimicrobial Activities method The disc diffusion method was used to determine the antimicrobial activities of the essential oils. Petri plates were prepared by pouring 20 ml of Mueller-Hinton media Bio-Rad, France for bacterial strains and potato dextrose agar Bio-Rad, France for antifungal tests. Working cell suspensions were prepared and 100 μl were evenly spread onto the surface of the agar plates of Mueller-Hinton agar Oxoid Ltd, UK for bacteria, or potatoes dextrose agar medium Oxoid Ltd, UK for fungi. The essential oil of A. phaeolepis was dissolved in DMSO/water 1/9 to a final concentration of 50 mg/ml. A Whatman N 1 sterile filter paper disc 6 mm diameter was impregnated with 1000 μg/ disc of the essential oil. Negative controls were prepared using the same solvent used to dissolve the samples. The standard reference antibiotics, namely, streptomycin and tetracycline 10 μg/disc , were used as the positive controls for the test bacteria. Negative control consisted of 10 DMSO which are used to dissolve the essential oil of A. phaeolepis. The plates were incubated at 37 for 24 h for bacterial strains and 72 h for fungi at 28 .
The antimicrobial activity was evaluated by measuring the diameter of the zones of inhibition against the test organisms. The experiments were repeated in triplicate and the results were expressed as average values.
Available standard eucalyptol, camphor, terpine-4-ol, caryophyllene, germacrene D and caryophyllene oxide were also tested under identical conditions to compare their activities with those of the investigated oil. 2.6.3 Determination of the minimum inhibitory concentration MIC The MIC is the lowest extract concentration at which no visible growth appears during incubation. The test was performed in sterile 96-well microplates with a final volume in each microplate well of 100 μl. A stock solution of the essential oil of A. phaeolepis 50 mg/ml was prepared in dimethylsulfoxide/water 1/9 . The inhibitory activity of the essential oil was properly prepared and transferred to each well in order to obtain a twofold serial dilution of the original sample and to produce the concentration range from 25 to 1000 μg/ml. To each test well 10 μl of cell suspension were added to final inoculum concentrations of 10 6 CFU/ml for bacteria and 10 5 spores/ml for fungus. Positive growth control wells consisted of bacteria or fungi only in their adequate medium. DMSO/water 1/9 was used as negative control. The plates were then covered with the sterile plate covers and incubated at 37 for 24 h for bacterial strains and 72 h for fungi at 28 . The MIC was defined as the lowest concentration of the total essential oil at which the microorganism does not demonstrate visible growth after incubation. As an indicator of microorganism growth, 25 μl of Thiazolyl Blue Tetrazolium Bromide MTT , indicator solution 0.5 mg/ml dissolved in sterile water were added to the wells and incubated at 37 for 30 min 7, 8 .
When microbial growth was inhibited, the solution in the well remained clear after incubation with MTT. The minimum fungicidal concentrations MFCs were determined by serial subcultivation of 10 μl in Potatoes Dextrose Agar PDA plates and incubated for 72 h at 28 . The lowest concentration with no visible growth was defined as the MFC, indicating ≥ 99.5 killing of the original inoculum. The determinations of MIC and MFC values were done in triplicate. Available standard eucalyptol, camphor, terpine-4-ol, caryophyllene, germacrene D and caryophyllene oxide were also tested under identical conditions to compare their activities with those of the investigated oil.
Statistical analysis
Experimental results concerning this study were expressed as means standard deviation of three parallel measurements. The significance of difference was calculated by Student s t test, and values p<0.05 and p<0.001 were considered to be significant and highly significant respectively. Correlation and regression analysis was carried out using EXCELL program Microsoft Corporation, USA .
RESULTS AND DISCUSSION
Chemical composition of the essential oil
The steam distillation of 1 kg of dried plant material yielded of a light-yellow oil with a distinct smell. The oil sample was analyzed by GC-FID and GC-MS, and the components were identified based on their RI values as well as by comparing their mass spectra with those reported in literature. GC-MS analysis of A. phaeolepis essential oil revealed 79 components representing 98.19 of the oil Others 9.28 a Retention index (RI) relative to n-alkanes on the HP-5 MS capillary column. b Relative area (peak area relative to the total peak area). c MS = mass spectrum, Co = co-injection with standard compound. from A. phaeolepis shared some relatively similar main constituents to other species of Artemisia and served as chemosystematic markers of A. phaeolepis. These constituents were eucalyptol, camphor, terpine-4-ol, caryophyllene, germacrene D, and caryophyllene oxide.
Antimicrobial activity
The in vitro antimicrobial activity of A. phaeolepis essential oil and the individual components against the tested microorganisms was assessed by the presence or absence of inhibition zones and MIC values. Table 2 shows that the oil and its main components had definite antimicrobial activity against all test organisms. Camphor and terpine-4-ol showed higher antimicrobial effects than the oil and tetracycline, whereas the essential oil, eucalyptol, and germacrene D were more effective than streptomycin. Caryophyllene oxide exhibited the least antimicrobial activity against the selected microorganisms. For the negative control, the concentration of the solvent used in the current study did not affect the growth of the sample strains.
The obtained MIC values are summarized in Table 3 . The essential oil exhibited moderate to high antimicrobial activity against all test microorganisms, with MIC values ranging from 62.5 μg/ml to 125 μg/ml. Among the six constituents, camphor exhibited the highest antimicrobial activity with MIC values ranging from 31.25 μg/ml to 62.5 μg/ml, followed by terpine-4-ol 62.5 μg/ml to 125 μg/ml , germacrene D 62.5 μg/ml to 125 μg/ml , eucalyptol and caryophyllene 125 μg/ml to 250 μg/ml , as well as caryo- Table 2 Antimicrobial activity of the A. phaeolepis essential oil and its main components against the growth of microorganisms. The diameter of the inhibition zones (mm), including the disc diameter (6 mm), are given as the mean SD of triplicate experiments. a Diameter of the inhibition zones of the essential oil (tested volume, 1000 μg/disc). b Standard antibiotics: SM, streptomycin; TC, tetracycline (tested volume, 10 μg/disc). 27 .
The current and above-cited works show that the antimicrobial activity of oils from some Artemisia species can be partially associated with their major components, such as eucalyptol, camphor, terpine-4-ol, caryophyllene, germacrene D and caryophyllene oxide. The antimicrobial activities of the compounds in our study are similar to those described in other reports 28 31 . The components with lower concentrations, such as sabinene, β-pinene, limonene, linalool, borneol, spathulenol, and thujone, can also contribute to the antimicrobial activity of the oil. The strong antimicrobial activity of the essential oil against almost all the susceptible microorganisms can be attributed to the presence of high concentration of monoterpenes having antibacterial and antifungal potential 32, 33 .
Other minor essential oil compounds have antimicrobial activity 34 . In fact, the synergistic effects of the diversity of major and minor constituents present in the essential oils should be taken into consideration to account for their biological activity 35 .
CONCLUSIONS
To the best of our knowledge, this report is the first one to demonstrate the phytochemical and biological properties of A. phaeolepis essential oil. The chemical composition of this essential oil was described in detail and appreciable antimicrobial activity of the oil and its major constituents were also demonstrated. The results suggested that A. phaeolepis essential oil and its major constituents have potential uses in foods, pharmaceuticals, as well as cosmetic preparations, and can thus substitute for more toxic synthetic antioxidants. Further investigations that involve more detailed in vivo studies should be conducted to elucidate the antimicrobial mechanism of the tested essential oils for various applications.
